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Sluice system £or a vacuum £acllity 



The invention relates to a sluice system for a vacuum coating 
facility for coating substrates that can be moved through the 
vacuum coating in a direction of conveyance. On the input and 
output sides, the said sluice comprises a prevacuum sluice 
chamber and a transfer chamber adjoining a coating chamber, 
wherein a fine vacuum can be regulated before the transfer 
chamber on the input side in the direction of conveyance and 
after the transfer device on the output side in the direction 
of conveyance. 

V 

Sluice systems for vacuum coating facilities of this type are 
primarily used in industrial applications in in-line large- 
area coating facilities typically for flat glass substrates. 
The usual structure of the sluice system incorporated on both 
sides of the coating chamber is shown in a diagram of a 
through- feed sluice system for coating architectural glass in 
"Vakummtechnik- Grundlagen und Anwendungen" , Pupp/Hartmann, 
Carl Hanser Verlag, page 426. The sluice system normally 
consists of a prevacuum sluice chamber, a fine vacuum sluice 
chamber and a transfer chamber. If necessary, further fine 
vacuum sluice chambers with process -preparing and pressure- 
stabilizing functions are arranged in-line between the 
prevacuum sluice chamber and the transfer chamber. A prevacuum 
pressure of approx. 10"^ bar is generated in the prevacuum 
sluice chamber on the input side, in which the substrates are 
fed to the vacuum coating facility, and analogously in the 
prevacuum sluice chamber on the output side. This normally 
occurs via a prevacuum pump system connected to the prevacuum 
sluice chamber, consisting of a Roots pump, to which a rotary 
slice-valve piamp is connected upstream as a backing pump. 

The fine vacuum sluice chamber serves as a further pressure 
stage and pressure buffer for pressure stabilization. An 
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intermediate vacuiom with a pressure which is between the 
prevacuum pressure and the high-vacuiom pressure, but close to 
that of the process vacuum pressure of the coating chambers, 
of approximately 10"^ bar is generated here. Normally, one or 
more pump systems with a power corresponding to the 
construction of the prevacuum pump system are connected to the 
fine vacuum sluice chamber. The substrates are prepared for 
transfer to the first coating chamber or guided out of the 
last coating chamber in the transfer chamber which adjoins the 
first and last coating chamber in the direction of conveyance 
respectively. A fine pressure vacuiom is maintained there, 
which has attained the actual process vacuum pressure of 
approx. 10"^ bar to 10'^ bar. For this, several turbo-molecular 
pumps connected in parallel are normally connected to the 
transfer chamber to which a backing pump or a Roots pixmp 
combined with a backing pump are connected upstream. All 
sluice chambers of the sluice system are separated through 
vacuum technology among each other as well as on the 
atmosphere side and process side. 

Increasingly high requirements are placed on the sluice system 
in respect to the cycles to be reduced for the total sluice 
time, as endeavors are increasingly being made to shorten the 
cycle times of vacuum coating facilities . The cycle times are 
determined by evacuation times, coating times and non- 
productive times / that is times for transport of the substrate 
through the sluice chamber and the sluice valve opening and 
closing times. The non-productive times take up a considerable 
part of this and restrict a reduction of the cycle times as 
the evacuation times and coating times cannot be reduced 
further owing to physical constraints. 

A reduction of the sluice cycle times typically results from 
the arrangement of a prevacuum sluice chamber and a transfer 
chamber with several pressure stages, as known from DE 198 08 
163 CI. The chamber volume of the transfer chamber is divided 
into several buffer sections via special flow elements, with 
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the result that a pressure decoupling of the process area from 
the prevacuum sluice chamber is enabled. In this way, a 
stabilization of the pressure gradients is achieved between 
the prevacuum sluice chamber and the process chamber such that 
the further intermediate vacuum chambers with their sluice 
valves are rendered superfluous. As a result, the activation 
times for the sluice valves no longer apply. However, the 
drawback to this solution is that this transfer chamber 
requires a high level of constructional technology and expense 
and occupies considerable space. 

The task of the invention involves designing the sluice system 
of the vacuum coating facility in such a way that the total 
cycle time of the sluice system is reduced while, at the same 
time, the constructional and system technology and expense is 
reduced. 

The task was solved in such way that the prevacuum sluice 
chamber directly adjoins the transfer chamber and the fine 
vacuiam can be regulated in the prevacuum sluice chamber. A 
separate fine vacuum sluice chamber is no longer necessary in 
the sense of the present invention. The fine vacuum in a fine 
vacuum pressure stage which comes very close to the process 
vacuum pressure is generated directly in the prevacuum sluice 
chamber. This is realized by a pump system extension to the 
usual prevacuum pump system in the combination corresponding 
to the invention with turbo -molecular pumps whose use for 
evacuation of the prevacuum sluice chamber has so far not been 
possible technically. Normally, a turbo-molecular pump could 
only be used above an absolute pressure of approx. 2 . 10*^ 
bar, and at a higher pressure the excessively high gas 
components in the pumping medium led to faults owing to 
significant friction and heat formation. With further 
development of the turbo-molecular pumps, these become more 
pressure compatible, with the result that they can be used at 
an absolute pressure of 10"^ bar. This now enables a connection 
of the turbo-molecular pumps above a chamber pressure of the 
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prevacuxoin sluice chamber of approx. 10'^ bar, which is provided 
by the prevacuiom pioinp system. 

The omission of the entire fine vacuiam sluice chamber also 
does away with the need for its sluice valves, which leads to 
a saving of the valve opening and closing times of the fine 
vacuum sluice chamber and reduces the idle times of the 
substrate. The total cycle time of the sluice system is 
therefore advantageously reduced. At the same time, there is 
no longer a need for structural space for the fine vacuum 
sluice chamber on both sides of the vacuiom coating chamber. 
Pump system 

In an advantageous embodiment of the solution, a prevacuum 
pump system and a fine vacuum pump system can each be 
connected to the prevacuum sluice chamber. The normal 
prevacuum pump system for generating the prevacuum and the 
fine vacuxjm pump system for generating the fine vacuum are 
connected in parallel to the prevacuum sluice chamber by means 
of adjustable regulating valves and realize a pressure cascade 
in a sequential operating mode until a fine vacuum pressure 
stage is achieved in the prevacuum sluice chamber which comes 
very close to the process vacuum pressure. For this, the 
prevacuum pump system is initially operated whereby the fine 
vacuum piamp system is operated in parallel in a stand-by 
circuit until its operational use against the regulating valve 
closed in the prevacuum sluice chamber. During this phase, the 
backing pump of the fine vacuum pump system generates a 
support vacuum with low power in the connection network of 
this pump system under which the main pxamp can operate. The 
backing pump only reaches its full power on connection of the 
fine vacuum pump system to the prevacuxam sluice chamber for 
creating the rec[uisite high-vacuum pressure. The said pump 
systems can therefore be reused for the prevacuxjmi sluice 
chamber and the fine vacuum chamber with little control 
technology expense. 
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An advantageous embodiment of the invention results from the 
fact that the prevacuum pump system can be connected to the 
fine vacuum pump system. A connection on the medium side 
beside the direct connection line of the two pump systems 
operated in parallel makes it possible to use components of 
the prevacuum pump system for operation of the fine vacuum 
pump system and vice versa. This can be useful, for instance, 
if a pump of a pump system develops a fault. Pumps of the 
parallel pump system can be connected immediately as 
replacements . 

In a particularly advantageous further development of the 
invention, the pressure side of a main pump of the fine vacuum 
pump system is connected to the intake side of a support pump 
and the pressure side of the main pump of the fine vacuum pump 
system can be connected to the intake side of a main pump of 
the prevacuum system via a connecting line with regulating 
valve. At the same time, the prevacuum pump system is used as 
a backing pump of the fine vacuum pump system. The direct 
connection line of the prevacuiom pump system to the prevacuum 
sluice chamber is closed by valve closure on corresponding 
attainment of the pressure stage and, at the same time, the 
regulating valve of the connection line acting as a bypass is 
opened, with the result that the prevacuum pump system is 
connected in series to the main pump of the fine vacuum system 
with operational readiness. At the same time that the bypass 
valve is opened, the valve of the connection line of the fine 
vacuum pump system is opened to the prevacuum sluice chamber, 
and as a result the prevacuum pump system can serve as a 
backing pump of the fine vacuum pump system. The actual 
backing pump arrangement of the fine vacuum p\jmp system is no 
longer necessary in the normal embodiment and capacity. Only a 
support pump with minimum power needs to be present on the 
pressure side, which realizes a vacuxom support pressure for 
the main pump of the fine vacuixm pump system in its startup 
and stand-by phase with closed regulating valves, so that the 
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main pump of the fine vacuum piamp system is always ready for 
use at all times. 

The invention will be explained by means of an embodiment 
example. The sluice system 1 on the input side for in-line 
coating facilities is shown in the accompanying drawing. Only 
the components relevant for the invention are shown. In the 
sluice system 1 according to the invention, the transfer 
chamber 3 is connected to the prevacuxam sluice chamber 2, 
which in turn directly adjoins the coating chamber 4. The 
individual chambers are separated from each other via vacuum 
system sluice valves 5. The prevacuum is generated in the 
prevacuum sluice chamber 2 by prevacuum pump systems 6 
connected in parallel to the prevacuum sluice chamber. These 
pump systems respectively consist of a Roots pump 7 as a main 
p\amp 8 and a rotary slide-valve pump 9 connected in series as 
a backing pxjmp. Both connections of the prevacuum piamp system 
6 can be separated from the prevacuxam sluice chamber 2 via 
regulating valves 11. A fine vacuum pump system 12 with four 
turbo-molecular pumps 13 as main piomps 14 is connected in 
parallel arrangement to the prevacuum sluice chamber 2 . A 
rotary slide-valve pump 9 of lesser power is connected in 
series to these main piamps 14 as a support piamp 9 . The 
connections of the fine vacuxjm pxjmp system 12 can also be 
separated from the prevacuum sluice chamber 2 via regulating 
valves 16. A connection line 17 between the pressure side of 
the main pumps of the fine vacuum system 14 and the intake 
side of the main pximp of one of the two prevacuxjm systems 8, 
separable via a further regulating valve, realizes a bypass 
connection between the two vacuiam systems. After one or more 
substrates have been fed into the prevacuum sluice chamber, 
the prevacuum is regulated via the operation of the prevacuum 
pump systems 6. During this time, the regulating valves of the 
fine vacuum system 16 and the regulating valve of the 
connection line 18 are closed. At the same time, the turbo- 
molecular piamps 13 are already operated in a stand-by stage. 
The turbo-molecular pumps 13 require a long startup time of up 
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to 15 minutes corresponding to their design. However, they can 
be kept in immediate operational readiness after their startup 
time by means of a vacuum pressure support. The turbo- 
molecular piamps 13 are therefore run in permanent operation, 
whereby the support pump 15 connected upstream of the turbo- 
molecular pumps 13 generates a vacuum support pressure of 
approx. 10"^ bar for the turbo-molecular pumps 13 in standby 
mode with closed regulating valves 11, 16. As the intake 
volume to be pumped approaches zero for this, only a low power 
is necessary for the support pump 15 to attain the vacuiam 
support pressure. If a volume of approx. 10'^ bar is attained 
in the prevacuijm sluice chamber, the regulating valves of the 
connecting line 18 are opened. The turbo-molecular pumps 13 
now evacuate in their work mode stage from the prevacuum 
sluice chamber 2, whereby the prevacuum pump system 6 
connected via the connection line 17 is now operated in its 
function as a prevacuiom pump of the fine vacuxim pump system 12 
and a separate efficient backing pump is saved for the turbo- 
molecular pumps 13 • The fine vacuiam close to the process 
vacuum pressure of approximately 10*"* bar to 10'^ bar is 
generated directly after the prevacuum sluice chamber 
generation in the prevacuvrai sluice chamber 2, without the 
substrate having to pass further sluice chambers. The entire 
sluice contact until attainment of the fine vacuum is 
therefore reduced to approximately 60 seconds. 
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Sluice system for a vacuum coating facility 
Reference sign list 

1 Sluice system 

2 Prevacuum sluice chamber 

3 Transfer chamber 

4 Coating chamber 

5 Sluice valve 

6 Prevacuum pump system 

7 Roots pump 

8 Main pump of the prevacuum pump system 

9 Rotary slide-valve pump 

10 Backing pump of the prevacuum pump system 

11 Regulating valve of the prevacuum pump system 

12 Fine vacuum pxxmp system 

13 Turbo-molecular piamp 

14 Main piamp of the fine vacuum pump system 

15 Support pump 

16 Regulating valve of the fine vacuum pump system 

17 Connection line 

18 Regulating valve of the connection line 



